The stock of freshwater mullet, Liza abu (Heckel, 1843) (Chybaish). Mean values of relative condition factor were 1.00, 1.02 and 0.98 for the three marshes, respectively. Growth and mortality parameters estimated for the species were L∞ = 23. 
INTRODUCTION
The Mesopotamian marshes used to be the largest wetlands in the Levant and South West Asia, covering more than 15,000 km² (Richardson and Hussain, 2006) . These marshes were characterized by their high productivity (Al-Hilli et al., 2009 ) and considered as natural refuge for many aquatic organisms and major source of inland fisheries in Iraq (FAO, 1999) . They served as permanent habitat to harbor millions of waterfowls, and as a flyway for migrating birds between Siberia and Africa (Evans, 2002) . The southern marshlands encountered various issues during the last three decades such as construction of new hydrological projects in the upper parts of the Euphrates and Tigris Rivers and drainage activities in the 1990s desiccating the southern marshlands. In 2002, only 3% of the Chybaish marsh, 14.5% of the Hammar marsh and 35% of the Huwazah marsh remained (Richardson and Hussain, 2006) . Since mid-2003, great efforts were made to restore the marshlands and just 58% of their former area in 1972 were recovered in 2007 (UNEP, 2007) . The freshwater mullet or Khishni, Liza abu (Heckel, 1843) , is a mugilid that is endemic and widely distributed in the TigrisEuphrates River basins and Pakistani waters (Coad, 2010) . This species is considered as one of the most important species for artisanal fisheries and is widely consumed. The total landing of this species at Basrah fish markets, southern Iraq, during 1975 -1977 was 212,850 kg (Sharma, 1980 . However, Mohamed et al. (2008) deduced that this species constituted 6.3 and 8.1% of the entire fish landing in the lower parts of the Tigris and Euphrates Rivers, at Quran during 2005, respectively. Several studies were carried out on the growth of L. abu at various Iraqi water bodies, including the Hammar marsh (Na'ama, 1982) , Diyala River (Khalaf et al., 1986) , Shatt Al-Basrah Canal (Wahab, 1986) and East Hammar marsh (Mutlak, 2012) , but unfortunately only one study was detected dealing with its stock assessment (Mutlak, 2012) . The objective of the present study is to determine abundance, growth, mortality and exploitation rates of L. abu in the three southern marshes following two years of restoration.
MATERIALS AND METHODS
Fishes were collected on monthly basis from the East Hammar, Huwazah and Chybaish marshes (Fig 1.) . Sampling was carried out using seine net (20 m long with a 2.5 cm mesh), fixed gill nets (500 to 100 m long with 25 mm to 100 mm mesh size) and electro-fishing gears (Hussain et al., 2009; Mohamed et al., 2008 Mohamed et al., , 2012a . Fishes were individually identified, counted and measured. The total length (L) of each fish was measured to the nearest mm using a measurement board. The length-weight relationships (Le Cren, 1951) : W=aL b , were calculated, where W is the total weight (g) and L the total length (cm). The relative condition factor (Kn) was calculated from the formula Kn= W'/W, where W'= the observed weight and W = the calculated weight. The relative abundance (%) of the species was calculated (Odum, 1970) as: ni/ N * 100, where, ni = number of individuals of the species in the monthly sample and N = the total number in the monthly sample. The length cohort analysis (Jones, 1984) was applied to obtain size-at-relative age data, from which growth and mortality rates were calculated. Lengths were grouped at 10 mm length classes for this purpose. The values of L∞ were calculated using Taylor's equation (Taylor, 1958) 
where L 1 and L 2 are observed lengths relevant to two age groups of time t apart (Jones, 1984) . The obtained K values of L. abu were 0.37, 0.44 and 0.41 for the three marshes, respectively. The growth performance index (ĭ) was calculated as log 10 K + 2 log 10 L∞ (Pauly and Munro, 1984) . The total mortality coefficient (Z) was obtained consulting the length-converted catch curve (Pauly, 1983) . Z was estimated from the slope b (with sign changed) of the descending right arm of the curve. The natural mortality coefficient (M) was calculated by using Pauly's equation (Pauly, 1980) :
where T is the annual mean water temperature of the three marshes (20.9, 23.2 and 22.4 O C, respectively). The fishing mortality rate (F) was calculated from F=Z-M (Beverton and Holt, 1957) , and the exploitation rate (E) from E = F/Z (Gulland, 1969) . Analysis of variance (ANOVA) was made based on SPSS software (version 11, 2001 ) statistical package. (Fig 2. ). L. abu came first to this marsh throughout the year, except October and March. Meanwhile, L. abu formed 37.1% of the total catch in the Huwazah marsh and its abundance fluctuated from 10.8% in December to 58.5% in February (Fig  2. ). L. abu constituted the highest proportion in this marsh for seven months. However, the most abundant species in the Chybaish marsh was also L. abu comprising 62% of the total catch. The relative abundance fluctuates from 40.7% in May to 77.2% in August (Fig 2.) , and was occupying the first position throughout the year.
RESULTS

Relative abundance
Growth
Histograms were plotted to compare the length frequency distributions of L. abu between the three marshes (Fig 3. ). The length frequency distributions confirmed the availability of juveniles, subadults and adults in the three marshes. The smallest fish recorded in the East Hammar marsh was 20 mm (captured in April) and the largest one was 220 mm (collected in March). The fish at length groups 90 to 120 mm formed 66.2% of the total catch. The smallest individual in the Huwazah marsh was 40 mm and appeared in the catch in February and September, and the largest (200 mm) in November. The major peaks were detected at lengths 70 and 120 mm, constituting 14.1 and 14.3% of the total catch of the species in this marsh, respectively. Sizes of L. abu in the Chybaish ranged from 30 mm (caught in August) to 190 mm in October. The length group of 80 mm was prevailing and formed 19.2%, followed by the length group of 120 mm, comprising 15.3% of the total catch. Length-weight relationships calculated from the three marshes were as follows (Fig 4. 
Mortality
Length-converted catch curves are presented in Fig 5. based on the data presented in Table 1 . The total annual mortality rates (Z) were found to be 2.125, 1.688 and 2.297 in the East Hammar, Huwazah and Chybaish marshes, respectively. The related natural mortality rates (M) were 0.903, 1.055 and 1.006; consequently, fishing mortality rates (F) were 1.222, 0.632 and 1.291, and the exploitation rates (E) were 0.575, 0.375 and 0.562 for the three marshes, respectively. Values of natural mortality rate to growth coefficient (M/K) in the three marshes were 2.44, 2.40 and 2.45, respectively.
DISCUSSION
Results revealed that L. abu was dominant in the three marshes. This coincides with the findings of other scientists in several waters in middle and southern Iraq, such as Habbaniyah, Tharthar and Razzazah Lakes (Epler et al., 2001 ), Qadisiya Reservoir (AlRudainy et al., 2001 , the Shatt Al-Arab River (Mohamed et al., 2012b) and Garmat Ali River (Mohamed et al., 2013) . Availability of detritus could lead to the increased number of L abu since it serves as the main food constituent for the species (Mohamed and Hussain, 2012) . For comparison purposes, the growth parameters of the species in different waters are presented in Table 3 . The growth patterns of this species in all water were isometric, indicating that the weights of fish were not too much for their lengths. This may explain its robustness and feebly compressed body, coinciding with what Smith and Deguara (2002) deduced on the Australian mullet. Huwazah population exhibited the best relative condition among others, but Chybaish stock came last. The latter, however, was Table 3 . Growth parameters estimates of L. abu in different ecosystems heavily desiccated and led to devastation of the habitat (Richardson and Hussain, 2006) . As a consequence of inundation, water was flowing from the southward, against the slope of the marsh, which led to stagnation, low water quality and high salinity, which hindered the growth of vegetation in the Chybaish (Hamdan et al., 2010) . The overall condition of L. abu in the three marshes is in accordance with other findings, namely the Al-Hammar marsh (Na'ama, 1982) and Habbaniya Lake, Tharthar Reservoir and Razzazah Lake (Epler et al., 2001) . The values of L∞ and the growth performance index (ĭ) of L. abu are almost similar to those recorded for the species in other waters (Table 4) . However, other studies relied on scales or otoliths for age determination. This indicates the validity of applying the cohort length analysis technique (Jones, 1984) for stock assessment of L. abu. Comparisons were made between the lengths at ages of L. abu in the three marshes and those from other Iraqi and Turkish waters (Table 4 ). The lengths of the species in the Tigris River (Turkey) were converted to total lengths from fork lengths, adopting the conversion equations stated by Unlü et al. (2000) . It is clear that the growth patterns of L. abu in the investigated locations are coincided with those in other waters, except the first year group in the Chybaish. It is lower than the values reported by Unlü et al. (2000) and Do÷u et al. (2013) in Turkish waters. It has been reported that there must be some differences between growth characteristics among localities as a result of diversity and availability of dietary items, hydrographical and climatic conditions (Bartulovic et al., 2004) . Values of natural mortality rate to growth coefficient (M/K) in the three marshes were 2.44, 2.40 and 2.45, respectively. Beverton and Holt (1957) mentioned that the value of M/K is ranging from 1.5 to 2.5 and the ideal one is 2.0. However, any excess on this value may expose the stock to be more vulnerable for considerable natural mor-tality before attaining the stage of aging. Results of exploitation rate (E) indicate that the stock of L. abu in the Huwazah marsh is underexploited, while those of the East Hammar and Chybaish marshes endure overexploitation. According to Gulland (1970) , the yield is optimized when F= M; therefore, when E is more than 0.5, the stock is overfished. Mutlak (2012) recorded higher values of F (2.24) and E (0.68) for this species in the East Hammar marsh during 2009-2010. The comparatively high values of exploitation rate of this species in these marshes may be attributed to several factors including illegal fishing gears, use of explosives, poisons and long-term use of illegal small-meshed nets (Jawad, 2006) , moreover the substantial reduction in water quality and quantity, and effective absence of the flood pulses that sustained wetland ecosystems in the lower Tigris-Euphrates basin (Partow, 2001) . However, it is urgent to enforce immediate fish regulations in marshes and this can be achieved by activating the national law on fishing, exploiting and protecting aquatic resources, in particular preventing illegal fishing methods, restricting fishing at certain seasons, including declaring fish sanctuaries in certain areas, especially in spawning sites.
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